
DEPARTMENT OF HEALTH &a HUMAN SERVICES 
FOOD AND DRUG ADMINISTRATION 

Public Health Service 

Memorandum 

FW?l Senior Regulatory Scientist, Regulatory Branch, Division of Programs & Enforcement Policy 
(DPEP), Office of Special Nutritionals, HFS-456 

Subject 75-day Premarket Notification for New Dietary Ingredient 

To Dockets Management Branch, HFA-305 

New Dietary Ingredient: Huperzine A 
Firm: Pharmavite Corporation 
Date Received by FDA: November 17,1999 
90-day Date: February 14,200O 

In accordance with the requirements of section 413(a)(2) of the Federal Food, Drug, and 
Cosmetic Act, the attached 75-day premarket notification for the aforementioned new 
dietary ingredient should be placed on public display in docket number 953-03 16 after 
February 14,200O. 



DEPARTMENT OF HEALTH & J3UMAN SERVICES Public Health-Service 
.,. 

Food and Drug Administration 
Washington, DC 20204 

NOV 1 g 1999 
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Mr. David Kropp 
Acting Director 
Regulatory and Consumer Affairs 
Pharmavite Corporation 
1545 1 San Fernando Mission Boulevard 
P.O. Box 9696 
Mission Hills, California 9 1346-9606 

Dear Mr. Kropp: 

This is to notify you that your submission pursuant to section 4 13(a)(2) of the Federal Food, 
Drug, and Cosmetic Act (the Act) dated November 15,1999, concerning the marketing of a 
substance that you assert is a new dietary ingredient (i.e., Huperzine A) was received by the 
Food and Drug Administration (FDA) on November 17,1999. Your submission will be kept 
confidential for 90 days from the date of receipt, and after February 14,2000, your 
submission will be placed on public display at Dockets Management Branch (Docket No. 
958-03 16). Commercial and confidential information in the notification will not be made 
available to the public. 

Please contact us if you have questions concerning this matter. 

Sincerely, 

-ii- Robert J. MO’ re, Ph.D. 
Senior Regulatory Scientist 
Division of Programs and Enforcement Policy 
Office of Special Nutritionals 



PHARMAVITE 

November l&l999 

Office of Special Nutritionals (HFS-450) 
Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
200 c St. SW. 
Washington, DC 20204 

Dear Sir or Madam: 

In accordance with 21 CFR 190.6, Pharmavite Corporation is hereby notifying the Food and 
Drug Administration that we’intend to market a dietary supplement containing a new dietary 
ingredient. 

I. The name and complete address of the manufacturer or distributor of the dietary 
supplement that contains a new dietary ingredient: 
Pharmavite Corporation . . . 
1545 1 San Fernando Mission Blvd. 
Mission Hills, CA 91345 

2. The name of the new dietary ingredient that is the subject of the premarket notification: 
huperzine A 

3. A description of the dietary supplement or dietary supplements that contain the new 
dietary ingredient including: 
(0 The level of the new dietary ingredient in the dietary supplement: 

Maximum daily intake of 5 mcg huperzine A 
(ii) The conditions of use recommended or suggested in the labeling of the dietary 

supplement: 
Maximum daily intake of 5 mcg huperzine A 

4. The history of use or other evidence of safety establishing that the dietary ingredient, 
when used under the conditions recommended or suggested in the labeling of the dietary 
supplement, will reasonably be expected to be safe: 
See attached articles: 

Double-blind trial of Huperzine-A (HUP) on Cognitive Deterioration in 3 14 
Cases of Benign Senescent Forgetfulness, Vascular Dementia, and Alzheimer’s 
Disease 

Pharmavite Corporation . 15451 San Fernando Mission Boulevard l P.O. Box 9606 l Mission Hills, CA 91346-9606 l 8181037-3633 2131075-0946 



Office of Special Nutritionals @IFS-450) 
Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
November 15, 1999 
Page 2 

Efficacy of tablet huperzine-A on memory, cognition, and behavior in 
Alzheimer’s disease 
Huperzine A: Boost Your Brain Power 
Cognition Improvement by Oral Huperzine A: A Novel Acetylcholinesterase 
Inhibitor 

An original and two copies of this notice are being filed. Pursuant to 21 CFR 190.6(c), please 

confirm your receipt of this notice. We also request that this information be kept confidential for 
90 days under the provisions of 21 CFR 190.6(e). 

Sincerely, 
.I 

r 

~ ,’ , 
Acting Director, Regulatory and Consumer Affairs 

_,-, 
,.,. ,. ,,_ ‘.‘. 

DWFDALhuperzine notice 1 -. ., _. % 
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New York Academy of Sciences 
New York, New York 
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Double-blind Trial of Huprzine-A (HUP) on 
Cognitive Deterioration in 314 Cases of Benign 
Senescent Forgetfulness, Vascular Dementia, 
and Alzheimer’s Disease 
MA “fi”TG-XING. iH.U YUE. GU YUE-DI. W ZHEN-YAN, ti SA&EI, ; 

- --_ “& ,,,s,,‘- !,V ;:: : ‘j _ 
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si &‘i()&,d j-40 + 8.72, &--;;$~‘;~ &o]). fhe 

effective rates’ weri 68133‘and 26.37% in the ko groups. No si@ificanr side effects were ., ., 
observed- ,- ..’ .r ,, 

The second trial included 16 patients of the HUP treatmerit group (0.03-0.05 mg im 
B.i.d for 4 wks) with IQ (WAIS) c IO5 (95.0 k 7.6). The IQ increased to 100.7 & 12 (p < 
0.01) after the treatment. The value of IQ increase is 5.7 f 0.68 as compared with 3.0 k 
0.36 in the hyperbaric oxygenation treatment group (2.5 ATA. 80’. 4wks in 10 patients (p 
<O.Ol)). ’ 

; 

TREATED BY 0.1 MG -“I -ml --- 

The clinical trials used the double blind method on 88 patients wirh cognitive deteriora- 
tion, with MQ (WMS) < 100. The mean values of MQ of 44 treated and 44 controls were 
82.8 k 14.3 and 8 IS & 14.4 (p > O.OS), respectively. The dosage was 0.1 mg po Q.i.d. The - 
mean values of MQ after the treatment (the interval between pre- and posttests of WMS 
with A and B form, respectively, is 2 months) of treated and controls were 93.5 z!~ 14.5 (p < 
0.01) and 85.5 i 16.5 (p c 0.01). The effective rates were 68.18 and 34.09% in rhe two 

506 
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MAetaL; HUP 507 * ” . 

groups. No significant side effects were observed except g;rstic discomfort (2), dizziness 
( 1): insomnia (I), and mild excitement ( 1) in the treat&d group. 

VASCULAR DEMENTIA ANT.) ALiHEI&IER’S DISEASE 

A clinical trial of vascular dementia (25) and Alzheirpzr’s disease (55) WaS conducted ‘. ’ 

on 40 &eat& and 40 control pacients with the same &sa$e as for RX The MQ of Ihe 
created group increased From 50.40 f 18.49 LO 59.74 2 j3.73 (P < 0.05): Ihat of the control ,/,, _I .a., 

‘“group h&&d from 53.95 f 14.74 to S.kS.5 + 16.18 ip > 0.05). The MQ increase of . 
.1 
:*,,. 9.37’5 10.38 is significantly higher than char of 1.90 g to.36 (p < O-01). The effectike fate ,~ ,. 

. 



CT 15 ‘99 09:09RM BVI TV ACCTG” I . ;.. i- * 
p.5/39- * 

~L,.:;&c”:.... . ., -. . . _ - -A- .“4 ‘ix- 3 . .-. -.&&.: -a-,r I .d_, , . - ,I, c* . ..--..” 

BlBLtD: ISSN 0253-9756 Acta Ph~~~~ologico Sini= q a 8 Rl& 199s Sep; 16 (51 i 391-39s 

Efficacy of tablet huperzjne-A on memory, cogtitian.. and behavior in 
AlzheTmer’s disease 

XU Si-Sun, GAO Zhi-Xul, WENG Zfieng’, DU Zun-Mio$, XV Wei-An’ 7 YANG .Jian-Shcn’, 
ZHAF$G Ming-ban’, TONG Zhen-Hua, FANG Yang-Sheng’ , CHAI Xin-Sheng’! LI Shu-Lan3 
(ZAcjiang S~pektim and Deeaction StatGo= of Drug Abuse, Zhejiang Medical University, 

Hangzhou 350009: ‘Shanghai &Jmtal Hcakth Cmur, Shanghai 200030; ‘Shandmg Mental 
He&h Cents, Ji-nan 250014; sHangziwu Cmtrul HospdtaZ Of Ruihay , Hangdzoar 320009; 

‘Shanghai Fd ikktcd Hos&d, Shanghai 201905; ‘Suzhm, Puj; Hospital, Szczhou 215003; 
6s~~~ .+yl+, a. &?aspkd. S~dtpzl 215OO+,,Cf+al .- I “,,( 

mcnw in rhcir memory (P< 0.01) , cognitive .;I ,, ,,_,, ;,, 
CP < 0.01,) , and behavioral (1’ < 0. ‘61 f unc- 

’ The efficacy of Pup was beiter than warm. 
Dlaccbo (36 @, D/53) (P<O. OS>. No se- 
vere side effect u?as found. COlYcLUSXON : 
Hup is 8 promising drug for symptomatic 
treatment of Alzheimer’s disease. 

The presen’r srudy was to confirm rhe 
clinical elficscy snd safety of Hup in treatment 
of Alzheimer% disease. ,. 

KEY WORDS huperaine-A : . cholinesrerase 
inbibit0r.s ; Alchcimer’s diseaeo : mukicsrater 
studies ; double-blind mcrhod ; randomized 
controlled trials ; Wechsler scales ; memory ; 
copnition disorders ; activity of daily living 

MATERIALS AND ME‘THObS 

Xwciwd 1996-12-26 Amprcd 1995-06-23 paciencs Parienrs (x=103) who mrt A?J criteria 



i%BLID: IS?iN 0153-875li Am PharmacoIogica Sink 9 tB W&$:X 1995 Sepl 16 (5) . l 393 . 

Hup rrestment (P < O-01), but not in the 
placebo group except the MQ score CP < 
O-01) : resulting in a aignifksnr diffcrcncc on 
MQ, MMS , and ‘HDS between 2 gxxqx (P< 

0.01) (Tab 21. Rank cum test OC WMS and 

MMS between 2 groups showed a significant 
improvement in ‘number ,of recitation item of 
WMS and ‘time orientation’ item of MMS. 

Subjective evaluation According to the 
reports of patients' intinaatc relatives, the 3 
posirive resulrs ( ‘clear headed’ , ‘memory im- 
proving’ , and ‘language improving’ ) of Hup 
group wtre increased, whereas the negative 
result ( complaint of ’ urichs&ed ’ > of the 
placebo group..was itiixkased. A significanrr 
difference was found between Y&O ‘groupti 
(P<O. 01) (Tab 3). 

CTab 4,s). . 
.,, .,. j : ,‘. 

Pia (Pa=531 
baseline 8-week trial baseline 8-week trial 

17.5k2.4' 17. 6f2.9 17 122 5' . 
disstolic II. Ofl. 1 11.Ofl. 2 11. Ofl. 6 10.9& 1: 3 

I z/ruin 74zt9 74f8" 72fQ 47&Y 
Hb/p t-’ 1ZZZttlB u1*15 126fl8 129*13’ 
mc/lxloD I#-' 6. lzktr:. 2 6.111.4' b.Oil.4 5. zIt1.5 
RUN/mmol LL-& S.lz!zO.8 5. lIt0.9” 5. I&l. 0 5-l&1.1’ 
Cr/emol L-’ 103~21 102*21' Q4&lQ 94flP 
AKP/W L-’ 19.6rtZ.8 2Ozt3' IO*4 19f4' 

: ALT/U L-’ 2926 28zt6 29&7 29*v 

1 

, . . 
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of DSM-IIIRcl’ wxc rrelccccd for thio study. Their en- 
trance erircria were age owr 50 a; menrory quotient 
(MQ) ~90: Hasegauril demmria stole (Fu)S) <15 
WreracyI, <20 (primary), < 24 (middle); mini- 
mcnral scare examination scale (MMS) score 13-23: 
wxiviry of daily living scale (AJJLI >16: Hsachiaski 
ischemic SC& MEi) score Cd. Dopwaio~~ , zcycro 
physlcal or ps~chocic dinotdrra , red non-AD dcmenrla 

were ruled our. Their procur&xs agrded with the 
pntionrs to par&pace in rhis study. 

Methods Patienrs were abstained from my CNS 
srimulants , steroids , and nootropics for 1 wk. They 
were ‘randomly divided into 82 pupk given 4 tablets 

(O-2 mg of I%p or 70 mg of placebo> ordy twice a 

St%: g 
P 

Akq: 
*go 

Occupation t 
yorlter 

C*=S3) 

2Q 
2a 

‘6721X 
55-89 0 

a0 

(n-50 

23 
22 

66-L 11 
53-W 

21 

RESULTS 

, ii:> : 
The blind was declsssikd on 1994-05-06 

in Shanghai: 50 padems were in Hue group 

and 53 parienrr wWere k placebo group. The 
prorressmonr data berwem the 2 grqups 
showed no significant difference (Tab 1). 

The intraclass correlation (ICC) KC an 
MMS, ]HDS, and ADZ. from 4 dirrricre (Zhe- 
jiang . Shanghai, and Slrsndong, Suzhou > 
were 0. 98 I 0. 87, and 0. 96, respectively (.P> 
0.05). 

. 

Psychological assessment There were 

Severity : 
mild 
modcrow 

nsverc 

MQ baseline 4Sk21 56f2.l 
MMS baseline 14f5 16&G 
HDS baseline 16zk5 16&6 
ADL bxdirrc 32*9 33ztlO 
TESS baseline I*4 If3 

Identified ccrebrnl 25 (47 $1 22 (44 H: 
atrophy by CT or MI-Z. 

significant differences: QII MMS, HDS, a 
ADL berwssn ‘before’ and ‘after’ The 8-l 

,-’ / 
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Tim 5. Comparison of cbolinerpic side effecti 
between 2 groups ot AD- -p> 0.05. 

Choline&c 
side cffccts 

Pin &x=53) Hup (n=Sb) 

Exciting 3 (5.7 %) 3 (6 %>’ 
Hyperactivity 3 (5.7 %I 5 (10 %>’ 
Nasal obstruction 4 (7.5 %I 4 (8 5)’ 
Nausea or vomlcing ; ii. f “,i 4 (8 %)’ 
Dirrha . 5 (10 %,’ . 
hemrria 4 (7.5 $4) 5 (10 %) 
Anoroxis 3 (5.7 %) . 5 (10 %6, 

. Dissinrsa 6 (11.3 M, 4 (8 %)’ 

Throughout 8-wk study, no patient 
value exceeded the upper limit of norms! 
nal toxicity in borh groups, only a slip 
crease in some miId peripheral cholinergi 
efiectz, such as naunca or vomiting and dis 
were cxcurred in Hup group. But ther 
no statistics1 significsrace in c0mQariaon 
placebo gtOuD. This clinical finding is s 
10 the results of several experimental 
ic,cr-~*7.11.‘a’, ie Hup produced less peri: 
side effects at dptimal doses, it indicate, 

(/ “L “‘...‘M.“‘-,T ,--,--, “.” ----..-~ 

..‘:“.:..n:.-‘-,,‘, Pr :.. ,_ $-:.‘ 1 ,:_ i .-A. --“..a. &s,,- 
‘; ” long to choline 

;Ii’eeiee _ an&&ted !. : j 

.” 

“““““---_ _ 
behavioral (P<O. 01) functions. The efficacy 

of Hup was becrer than placebo (36 %, 19,’ 
531 CPCO. OS)- According TO the MM3evsL- 
uation, an avcragc imp:ovement of 2. 98 points 
was noted for patients treated with Hap. and 
with 54 % of these patienta improving by 3. 0 
points or more. But the placebo group in- 
creased an average of 0.43 points, only with 
30.2 % of them improving by S- 0 points or 
more W-CO- 05). 

As to the findings of aignificont improve 
menu in ‘number of recitation’ item of WMS 
and ‘time orivntntion ’ irem of MMS, it wss 
Gnilarity to the discovery of some au- 

rrcatmenr in parienrr with Alzeimer’s dk 
Although rho results of this srudy a: 

couragik , there is no extens+e- long 
and high-dose obwrvation 9 especially ch 
no direcr clinical comparison with TEA. 
rhe same time, we think the prsssnx 8~1 
not .rufficicnt , so we hope that further s 
will be undertaken to develop method 
identifying the efficscy and safety of HQF 
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Table 1. BIolclgical Efficacy and Selefy of_Acelylcho/lne~feh~e‘~nhib/-’ 
tars in MIce 

reach LoxIcily. 

As an example, for tacrine, that number wouid,be3,3. In‘other.‘- 
words, t&kg just 3 milligrams instead of :otie’ niilli~gram;-:- 
would result in the death of 50 percent of the lest fiopulation.““, 

HuDerzine A Iailed lo cause liver toxicwn dogsiand rab-‘- e-P -.-_-.-- -_ 
I as nausea, vLdG33iXi3ro-:‘~ 

Iwl\ich_are common. --iP- oilowmg, 
da h demon&ai 
thcr cholinesterase iqhibitors. 

In most human clinical trials, HupA was used at low theri,peu- ‘: 
tic doses and no. adverse side effects have been reported. . . 

The effect of Huperzine A was shown to be more potenl”in 
improving memory impairments than wilh the AChE$hibi- 1,,, 
24 / HUPERZlNE A: BOOST YOUR BRAJN POWER ;“ >,,d ::;:..., ; I::, ‘, 

I ::.- ; L. ., . : e, ,* 

lots YE2020 (aricept or donepezil) and Iacrine.z6 The memory 
impairments induced by scopolamine, a clr~rg that produces 
amnesia similar to that in Alzheimefs disease, were evaluated 
using a maze task. Both working and referewe memory were 
affected by scolpolanrine. Working memory refers 10 tasks \haL 
were firs1 learned. Reference memory is Jhe abilily to recall a 
task learned In the past. For exnm@e, .if a rat was being tested 
for its ability to CUII through a maze and find the bait, them 
would be a deficit in working memory if the ral wenl back to 
the same maze corridor where the bail had just beeu found. If 
a rat ran first into an unbaited maze, this would be an error 
iu reference memory. lie-enlry inlo an unbaited maze would 
represent a deficil iu both types 01 memory, 

In this experiment, to rclmpare the inhibition of AChE by 
a 

HubA with the effects of E2020 and. tacrine, the scopolamine 
dose (0.2 mg/kg) significantly impaired spatial memory in 
rats. liuperziue A (0.1-0.4 mg/kg, orally), E2020 (0.5-1.0 mg/ 
kg, orally) and tacrine (1.0-2.0 mg/kg, orally) reversed these 
scopolamine-induced memory deficits. Hupcrzine A was 
found to be tl-re most selective ncetylcholines~emse inhibitor. 
II improved the working memory deficit and amnesia induced 
by scopolamine signlficanlly better than E2020 or tacrine. The 
aclion of the lhree AChE inhibitors was also tested in isofated 
mause musclc.27 II is easier lo measure lhe effects of these h- 

hibitors al the neuromuscular junction (the place where nerve 
and muscle meet) lhan in the synapses between nerve cells in 
the brain. It was found that HupA was more effecfive in inhib- 
iting AChE lhan tacrine as shown by a decrease it\ muscle 

_ 

movement. Although E2020 (aricept, donepeziJ) had a e 
stmnger effect on the muscle thwll HupA, Lhe E2020 was less 
selective. Such a decrease in specific inhibition OF ACl\E may 
result in increased side effects. The researchers in both stlldics 
staled thnl the results confirm tlml HupA is o prcMsing ngcnl 
to evalua Le for clinical therapy of cognilive iiqminnent in pa- 
tients with Alzheimer’s demenlb, 

The effect of Huperzine A on maze performance in rats was 
assessed by Drs. Xiong and Tangld in a comparison with phy- 
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* sostigmine. The maze is a valuable appaiatus~in-tl,~.s~dy r&i I . 

spatial memory. It offers an alternative that closely resembles 
the natural food-seeking behavior of species such as rats. The. 
rats were trained to run in a spatial, radial,arm rn+ze.~using~~. 
procedure to determine the two memory functions, (working j 
and reference memory). The rats were trained, ~o~tl1;1~~lqeJine: 
error rates were low (they practiced. beforehandB,.which-.per-: 
milted the deficit in reference memory to be ,observed.~Both~ 
scopolamine and mecamylamine have been -reporje&lo dis-1; 
rupt both the working and reference memory of rats.‘9l0 Low 
doses of scopolamine (0,125,O.JS and 0.2 &kg, in&ape+,,. 
neally or into the body cavity, 30 n~inute~~before:a~.~essioI~)~im~~, 
paired both working and reference m&nory in.:,the ,radi;ll’., 
maze. In contrast to scopolamine, mecamylamineX5, IO ,a&: 
15 mg/kg) did not cause any deficit in working and re’fetence.; 
memory. Huperzine A (0.1,0.2 and 0.3 mg/kg; intraperito,y- : 
ally, 20 minutes before testing) and physostigmine (0.3. rng(,: 
‘kg, Intraperitoneally, 20 minutes before testing) cou?$reverse:, 
scopolamine-induced deficits in the la&. Huperzine &.qrnt i 
pleCely reversed the scopolamine-illduccd deficit of maze 
performance, Tile memory improvement achieved with Hup- 
erzine A was comparable to that produced by phy.sos$q@ne. 
Huperzine A exhibited a wide dose range (it worked al many 
different doses) for decreasing the scopolamine-induced 
memory impairment. Long-lerm lreatment with Hupetzine A 
(0.25 mg/kg, orally, once a day) for eight consecutive days 
was as potent as immediate high dose treatment in reducing 
scopolamine-induced amnesia. 

The sbdy further indicated that there was no’ significa!;t 
tolerance to the memory-improving effect ,of Huperzille, A,-Tha. 
is important because tolerance develops when ,physosti@ne, 
is used. This finding was consistent with the study conducted, 
by Laganiere and colleagues, who reported Ihst HupOrzine : 
A-induced inhibirion of @ylcholinestemse activity was‘as.pa-.. 
tent long-term as it was alter immediate treatment.2 These re- 
searchen have further demonstrated that following in uiuo 

treatment with Huperzine’A there was no decrease,in turnover 
26 / HUPERZlNE A: BOOST YOUR 5RAlN POWER 

.‘. 

of a~tylcholine in the brain (it remained available for use). 
HupA also maintained long-lasting levels of acetylcholine for 
neurotransmissiou h the brain. Laganiere and colleagues con- 
cluded;4L1al HupA may be more effective and less toxic than 
physostigmine. This Lvould be especially true in diseases where 
long-tern1 inhibition of AChE is required. This is the case with 
Alzldmet’s disease. 

‘The effects of Huperzine A were assessed on the perfor- 
mance of rats treated with a speciric cholinergic neurotoxin, 
AF64A.” This neurotoxin was used 10 treat rats before the 
animals entered the radial maze. AF64A is known to disrupt 
the working memory processes by altering cholinergic brain 
luncHon, AF64A caused significant impairment in a rat’s 
ability. to perform the uecessary spatially-oriented tasks 
needed to. succeed in the maze. The behavioral impairment 
was associated with a significant decrease in the activity of 
mechanisms requiring acetylcholine in the hippocampus, 
which is a portion of the brain highly involved in neuro- 
transmission animals and humans. Huperzine A signifi- 
cantly decreased the AF64A-induced memory deficit and 
improved cholinergic function. There were no side effects. 

These animal experimenfs demonstrate that Huperzine A ” 
is a highly promising therapeutic agent in alleviating, lleuro- 
logical disorders including shorl- and long-term memory 
dysfunctions and Alzheimer’s dementia. 

Human Studies 
Administration of acetykholinesferase inhibitors is a major phar- 
macological approach currently employed in the treatment of 
Alzheirnetis disease. lIis strategy is used with the purpose of 
inhibiting acetykholine degradation irr Vito, and hence alleviat- 
ing the cholinergic deficiency, which has been shown to occur in 
patienfs with Atzheimel/s disease. Human sbdies (cliltical) have 
been conducted lo examine lhe effects of HupA. 

The pharmacokinetics of H*erzine A tab&s-mxe, ~~II-II - _-- --- - - -_-- _ _ _ .------ - - 
toored in bot~~~~n_n_laleand-f~!~~su~!_s_~~- 27 f 6 - .--_-- -- .-- 
years-and weighing 58 + 7 kg.‘* All volunteers wedwaltL1.y. _ _I-- .-.e. -_- ______._- ._ __ __ .-- -- - ---- ----- 
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onskate lhal Huperzine A was released ’ :and ‘rapidly 
absorbed irt uIuo, widely dislributed in- lhe body ‘&id!.elimi-‘= 
nated al a moderate rate; Based on ,these findings tl\e:$$ 
searchers indicated that it xvould be best to tak? H‘LpA,$(* 
tablet Iorm two lo three times a day.. _ : Y-,,.+ ..Y 

A recent clinical study was conducted by Dr. X.k$nd &IL- 
leaguesJz at Zhejiang Medical University, Shanghai,. Chitia, 
in palierlt3 with Alzheimef s disease.,: Using’:+; mt(l~icente’i; . 
prospective, double-blind, parallel, placebo-conlrolledl and 
randomized method, 50 patients were administered Huper; 
zinc A (200 micrograms in 4 tablets, orally) twice a day, and 
53 patients were given a placebo (a “sugar pill”) for eight 
weeks. All subjects were evaluated using the Wechsler mem- 
ory scale, lhe Hasegawa dementia scale, the mini-mental 
state examination scale, the activity of daily living scaJr!e and- 
the treatmeni emergency symptom scale,- The& are the 
“gold standard” measurement lesls for cognitive lunction. 
About 58 percent of patients treated with .Huperzirie’ A evi- 
denced improvements in their memory, ‘cog&tive~iand ‘be-’ 
havioral functions. The efficacy of HupA outp@rformed:,tbe, 
placebo by 36 percent. lmprovemellts noted by :tl)e;patie‘ilt’s 
Family members are shown in the following table. A signifi- 
caot difference was found belween the t’&o groups: L. 
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Table.‘Number of reporfs of Palfent’s Behevlor from Family Members. 

Observallon Ffacetm HUZIA 

Clear headed 
Memorylmp0vhg 
Language impwlng 
Unchanged 
Tolal changes 

(53 pabnls) 
13 

2” 
34 
57 

--c-. 

(50 palienls) 
26 
16 
6 

21 
71 

No adverse side effects were observed and the overall effi- ’ 
cacy of HupA was higher than the placebo. 

These studies are very significant because they demonslrale 
a dramatic improvement in nlemory following ndministra- 
Lion of Huperzine A lo patients with age-associated memory 
impairments and disorders. Compared LO olher cholinesler- 0 
ase ,inJ$bitors, Huperzine A possesses a clearly superior 
safely tind’ efficacy profile. Furthermore, the ,comparatively 
long, ,duraliou of action of Huperzine A and minimal side 
effecid’ make it a potentially useful therapeutic agent- 

HUPERZlNE A AND HEALTH BENEFITS 

Neuropsychialric Illness and Alzheilner’s Demenlia 
The recognition of Alzheimer’s disease as the fourlll leading 
cause 01 death in Ihe United States in adults (after heart 
disease, cancer and stroke), combined with its profound 
morbidity (diseased state), hns led IO the development of 
therapeulic strategies aimed at reducing the effects of, if llot 
preventing, this disorder. The cost of caring for Alzheimer’s 
palients- Including the cost of diagnosis, treatment, nursing 
home care and formal or paid care-is estimaied to be more 
than $100 billion per year. The federal goverument covers 
$4.4 billion and lhe states $4.1 billion. Mucll of the remaining 
COSIS are borne by patients and their families. A therapy that 
could prevenl, or even slow the progression of this disease, 
would surely be welcomed by health professionals and 
families. 

Cholinergic mechanisms play a major role in controlling 
cerebral blood circulatioa and cerebral blood flow. These 
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Alzheimer’s disease (AO) Is a slowb worsening brain disease.. A0 is marked. 
by changes in behavior and personality and by a decline in lhinklng abijities 
that cannol be reversed. This mental decline is related lo a lo+?l nerve $ls.. 
and the links between Ihem. The course 01 tie disease varies from person to 
person, as does Ihe rale 01 decflne,’ On. average; AD’ lisls ~Irorrk4 ?oi B ye& I 
aller diagnosis, however, il can conllnue for IIF lo:‘20 years:AO adva’nces’ln S 
stages, from mild forgetfulness lo severe dementia; or .men\aa! .dacline; Signs, 
(or symploms) ol AD appear mosl o#en between lhe ages of 60 and,7g..Thtz; 
lirst symploms Include loss al recent memory, lauly ju&menl and. pers~i@ly,“, 
changes. Earty in Ihe disease. people with AD may forgel’h&.~t&bo simple’ 
lhlngs like washing their hands. Often. they can no longer Uilnk :cle&ly’ktr 
remember Ihe words for lamiliar objet@ or people’s names. ‘Laler b;ri: ‘$pld 
wilh A0 lose all reaoonlng abllllles and become comptelciy dependen! ‘on alhe?+ 
people for lheir care. Pallenls often Ilw! lor years. The ~disease :evqplualjy be-;. 
comes so debililaling, however, lhal pallenls are likely lo devalop,;olher. ais;- 
eases. Most commonly. AD palienls die horn pneumon[8. ‘, i : 

.:. :1 

mechanisms depend on adequate amount of’ acetylchc&~k, 
Acetylcholine can act to dialale or constricl’blood~vessels; 
depending upon where in the brain il is released-. A defi- 
ciency in acetylcholine will prevent proper regulation of 
blood vessel diameter and result in .impairment of brain 
funclion, The destructive process occurring in the brain‘of 
an Alzheimer’s patient will worsen when an’ adeq&e blood 
supply to the area is not maintained. A$ the loss 01 choliner- 
gic function progresses, memory becomes increasingly ‘im- 
paired. This impairment results in major neuropsychialric 
dysfunclion in the elderly. 

/ 3 :;; j :, ;,I.. 

The degree and extel\t of cholintirgic deficit .inT,thi$‘type 
of senile dementia correlates with Che severiti;~u~~ctign;itive 
impaitmenl: (he more pronounced the acetylcl&ine defi- 
ciency, Ihe worse the cognitive ,funclion. Since a deficiency 
in the ckoherglc system is believed lo constitute one of the 
hallmarks of Alzheimer’s dementia, revecsib!e ~inhib$o~s.of 
acelylcholinesterase bhe enzyme that. breaks down. acelyl- 
choline) that make their way into lhe central nervo,us:,system 
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may: serve as pallialive agenls in the lreatnetxt of lhe 
disease. 

Studies using cholineslerase inhibitors with the goal of 
alleviating cholinergic deficiency have shown the most et\- 
couraging results in Alzheimer’s dementia to date. Muper- 
ziue A gained considerable interest because of ifs unique 
anti-ncetylcholinesterase activity and biochemical properties. 
As discussed earlier, its long half-life, unique blood-brain 
barrier penelration, minimal side effects, and high Ilrerapeu- 
lit indices suggested Ihat Huperzine A may wotk belier than 
existing drugs, including physosligmine md tacrine, for (he 
lreaitmenl of Alzheimer’s disease. 

There is a considerable pharmacological evidetxe khat thy 
cenlra! (brain) cltolinergic funcliotl plays an importan role 
in learning as well as.for the working and reference memory 
functions. Poslmortem (autopsy) analysis of the brains of 
patienh with senile dementia of the Alzheimer type has 
identified a decline in central choiinergic activity [hat corre- 
lales with [heir previous mental test scores. Meres1 in khe 
funciions of the central cholinergic system has been stimu- 
lated by Ihe hypothesis !hat decline in Ihis system may un- 
derlie the part of the cognilive det-erioration seen in the 
normal as well as palhologic (disease-induced) aging brain. 
Huperzine A, considered one of the new generalion of ace- 
tylcholinesterase inhibitors, has gained considerable notice 
because 01 its unique an&acetylcholinesterase activity as 
we!1 as memory-enhancing effects in a broad range of behav- 
ioral models. Huperzine A exhibits significanl inhibition of 
acetylcholinesterase activity in all brain regions tested in- 
cluding llippocampus, striaium, hypothalamus and frontal 
cortex. Structures in the hippocampus regulate behaviors 
such as rage, passivily, learning and motivation. The slria- 
turn is closely connecled to the amygdala, cl part of the brain 
associated with fear, confusional states, disturbatxes of 
awareness and amnesia. The irrvolvenlent of the a~nygdala 
.in emoGona1 states has important bearing on several kxtns 
of demenlia. In Alzheimer’s, lhe amygdala suffers from se- 
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&e neurollal loss; this part of the brain sllriltks-;rhis~~is, 
accompanied by mirked memory impqirmenl~;Fand~ chanhe?!~: 
in emotional behaviors, including a loss 01 spontaneily. TL$ 
bypolhalamus regulates sleep, food and drink iq!a,ke, .al\,d-- 
endocrine (hormonal) functions throughouJ the body.. The, 
frontal cortex is rhe area ol higher cognilive runctions:-‘!eatn-~.i 
ing and memory. I. ,, : . ._ i: ‘&a . . . 

Learning Ability, Memory ,Enhancemenland,Co~niiive:: ::I*.‘. :I!!‘:ji. : 3 
Performance 

*.: ,;.. ?:i $’ ) y ,’ 
‘i j ” i.’ a.: ;‘., 

In a series of behavioral studies, Huperzh@ ,A- ,&a, fc&$~~~ 
improve cognitive periormance in a broad :railgelof. ,aqi,&a.l;‘I~ 
models involving mice, rals and monkeys. & th, inducedjam<: 
nesja.S36 HupA also markedly improved< the ,relelllio?i:o~.,a~,: 
learned Lask when tested 24 hours late,r.;in aged$+$& 
hancemenl of learning and memory. performaycei;iilcreased_” 
retenlion al\d laster retrieval processes were observe~,.The.~ 
loss of chotinergic neurons in Ihe brain has been- :demo,r+’ 
strated to be par1 of the aging process itself. This loss, is.;: 
considered an imp&an1 element iu the process,;:of memory, 
toss or memory impairmenl including dementia. Huperzine,:‘ 
A improved cholinergic Iunclio~~ by inhibiting acetylcholiue-; 
degradation in the brain. ., ‘jj’ 

In other behavioral experiments, Huperzine A has,, been .._ 
SIIOWJI IO improve mice and rats’ perlormance in running; 
lhrough mazes,)7-J9 and lo prolecl young and.aged animals:; 
against sodium nilrile, scopolamine,. cyclol,e&ide,Z carbon,: 
dioxide-lreated and elecfroconvulsive shock-inducyd disrup- -, 
Gon of a passive avoidance response.? !t also Im.proved,. 
accuracy of memory in squirrel monkeys? Theses!udies.;. 
imply Ihal Huperzine A is effective in a- variety of classical 
behavioral tests designed to lesl an @n;\!~~ .lea,rt~in&,&il$y i 
and memory function. The dumlion of improve~“~~ffe.c~s,,on,,, 
learning and memory relention processes with oral: Huper-,I 
zinc A were longer than lhat oblained will\ physostigmine, 
tacrine and galan~hamine, the existing aceiylcholineslerase” 
inhibitors. 
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W&nine A and Muscle Conlraclion 
Huperzine A, as discussed earlier, potentiates the skeletal 
muscle conlraclion and incEased muscle tone in ralsSzO Cliui- 
cally;;in anolher study, Huperzine A was shown IO improve 
muscle weakness significanCly as well as memory in patients 
with impaired memory. 4o Because Huperzine A prevents the 
seleclive degeneration of acelylcholine-producing neucous in 
the brain and enhances the availability of acetylcholine in 
the brain of patients suffering from neurological disorders 
including Alzheimer’s dementia, the connecHons between 
nerves and muscles funclion better. The improvement in 
neuromuscular cholinetgic transmission leads to an im- 
provement of the patient’s condition, 0 

wore Memory Improvemenf 
The study colrducled in human subjects lo assess imprke- 
ment in muscle lunction using Huperzine A, also showed 
favorable effects in the treatment of age-related memory im- 
pairment.‘@ In anolhec comparalive sfudy will1 Hydergine@ 
(a vasodilator, 600 micrograms), 30 micrograms ol Huper- ’ 
zine A (given intramuscularly) appeared to improve mem- 
ory for 1-4 hours after il was given to 100 aged individuals 
(ranging in age from 44-82; sex: 54 males, 46 females) suffer- 
ing from memory impairment.‘6 In this populaHon of 100 
subjects, 83 had no demonstrable brain disease but were suf- 
fering from age-related amnesia or memory dysfunction, 
and only 17 had probable Alzheimer’s disease. Note that 
Alzheimefs disease cannol be definitely diagnosed before 
death. It is only al autopsy Ihal the determination can be a 
made, with precision. The resulls of this experiment were 
very encouraging. Minimal or no side effects were observed. 

A more comprehensive study was later conducled by 
Zhang and colleagues. 41 The therapeulic effects of Huperzine 
A were studied by the random, matched and double-blind 
method (a scienlilically valid and accepted meihod) on 56 
patients with multi-infarct dementia (resulting from. re- 
peated small strokes). The patienls were age 64 + 7 years; 
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there were 52 males, 4 Iemaies. Also studied’ were: patients:’ 
with senile dementia and 104 palients of senile and presenile. : 
simple memory disorders (age: 63 1 7; SW: 58 males, 46. 
(emales). Each group was-divided into two smallergroups-.- 
one given HupA with the other servinga+ a control,group~: 
The control groups were treated intramuscularly willi only; 
saline (salt) solution. The intramuscular dose. of. Huperzine- ) 
A for multi-infarct dementia was 50 micrograms twice a day::; 
for four weeks, whereas that for senile and presehile:simplo~~ 
memory disorders was 30 micrograms, twice,,aday~for. two,: 
weeks. HupA is also available and, effective rn~ oraii (tablet)- 
form. The Weschler memory scale w*as : used, to .d&rmine; : 
whether there was improvement of ~ memory funclion. is& 
these patients. Huperzine A treatment : significantly. im-,- : 
proved the memory of patients in both :treatmenti’g~Pup~::.; 
(those that received the HupA) and did so-significaqtly: atid 
with minimal observed side effecks. Only a few:.patiehtq .Je!t$ 
slight dizziness and this did not. affect, !h+ tl~e~~pc$@?~ . . 
elf&s. 

. . 
Alleviation of Symptoms Related to Glaucoma ,, ~;~ ,:, 
Glaucoma is a disease in which there is an:incr&se iI\ pres- 
sure within the eye. II Ihe increase is high enough and per-j: 
sistent enough, there will be damage to the optic nerve and”- 
irreversible blindness can result. AChE inhibitors‘are ~used’~ 
to alleviate this condition, Since Huperzine A can inhibit the’? 
transport of choline in the brain, this allows more to’ be-:-- 
available for synthesis of acetylcholine, the neurotransmitter::~~ 
important in maintaining normal eye functio,n,.’ It has been.-: 
suggested that HupA may be a better therapeutic druglhan::I 
other AChE inhibitors such as physostigmine, neoitigminei : 
or latrine for the trealmenl of glaucoma.! I 

,; I : ,. ’ ,’ 
-: .?. : * ‘9: .“?&.+i: (_ . . .,‘. ;:<: ‘-i. z,, .‘-. ._. y : >; _ .. / c‘- y“1 j. 

Improvement 01 Symptoms fn Myasthenia Gravis: Patjents::? j:l!. ; 
In a clinical trial, Huperzine A has been demonstrated’-to; 
significantly improve muscle weakness associate&with, n\y-‘:.. 
asthenia gravis. “ This is a neuromuscular disease:cliaract& 
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ized- by weakness and marked fat&ability of skeletal muscle. 
The defect caused by the disease involves newe transmission 
al the neuromuscular junction, the area where nerve rlleels 
muscle. When a nerve “fires” and acHvates a muscle at the 
neuromuscular junction, the muscle should contract or 
move. Allhough patients with myasthenia gravis can ini- 
tiaUy,jmove the muscle, repeated activalion causes a dimin- 
ished response and muscle movement cannot be mainlained. 
AChE inhibitors, by keeping acetylcholine levels high, can 
increase muscle response. The study, conducted by Cbeng 
and colleagues was done in 1986. The clinical effects of Hup- 
erzine A were compared with prostigmiue, another AChE 
inhibitor. In 128 patients with myasthenia gravis, 99 percent 
demonstrated controlled or improved clinical symploms of 

a 

the disease. The duration of action of Huperzine A was 7 f 
6 hours. Side effects, except nausea, were minimal when 
compared with those induced by ptostigmine. 

Pmlection Against Nerve Agents and Pesticide Tonicity 
Organophosphates, chemicals used as pesticides and nerve 
gases during wartime, are well known to enter the nervous 
system, react with cholineslerase, irreversibly inhibil it, and 
induce potential braln injury leading to coma and death. 
When AChE is irreversibly inhibited, there is oo control over 
levels of acetylcholine. All the effects of acetylcholine will 
become exaggerated and continuous. In the eyes, the pupil 
will markedIy constrict with pain and spasm of muscles; 
effecls on the lungs include “lightness” in the chest and 
wheezing due to constriclion of bronchial tubes, as well as l 
increased mucus. In the gastrointestinal tract, nausea, vom- 
iting, cramps, diarrhea and extreme salivation are produced. 
Death usually occurs by respiratory (Jung) failure, often ac- 
companied by a heart attack. 

The remarkable seleclivity for acelylcholinesterase and su- 
perior blood-brain barrier penetration ability of Huperzine 
A, along with its chemical stability and reversibility, sug- 
gests that it should provide a safe and long-lasting prophy- 
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Ja>tic treatment against nerve agent toxi&tp:ii$ human.s;;;A~~~~ 
comparative study against organophosphate. toxicity .us$g ‘: 
the nerve agent soman, was conducted in animals who ‘were~~ 
pretreated with Huperzine A or physostigmine (which .is?? 

currently being used to prevent nerve agent toxicity). The..;;’ 
study was designed to determine prophylactic (preventative),.;. 
efficacy of Huperzine A in mice. Huperzine ,A dramatically$ 
prevented irreversible phosplrorylation,,:-of ‘the .^ enzyT+;-; 
(ACIrE) by soman. As. mentioned earlier, continuou~actMyi I: 
of the enzyme rest&s in dangerous and eventually f&aI:con’i-y 
sequences. The effect of HupA against soman toxicity I;rste&:;’ 
a long time; this was consistent with the finding that .HtipA~~~, 
levels persist in the brain for a longer period tha.~,physostig.-~~~~ 
mine, According to the researchers, the +!a indiegted that::: 
HupA might provide signilicantly iongei:‘;therapeutic’ac$ 
tivity than other AChE inhibitors used to manage diseas&i: 
where there is a deficiency in cholinergic .neurons. :In,-this:? 
iI1 uiuo model Huperzine A demonstrated s,igni/ic?ntFan!i-i 
dotal efficacy and much better protection compared ,t.@+: 
physostigmine.” 

; :,,. ,z..,; 
.,‘. : i * -: 91,; 

CONCLUSION 
: -; i+ i( -_, .: :‘;: 

The preceding sections describe how Huperzine A -may 

P 
serve as a highly promising therapeutic agent. Huperzine: 

8 
A has attracted considerable notice becauw of its unique, ‘: 

cc reversible anti-acetylcholinesterase poiency and pharmaco-, 

z 
kinetic properties. The preliminary evidence,indicates,ih pot; 
tential clinical value in lhe treatment of deme@ia;: 

ii- 
. . ‘. 

myasthenia gravis and glaucoma. The potentially su,pe~ior:. 

Ei 
inhibition characterislics of Iiuperzine A, as conipared to; 
other choline&erase inhibitors, have been attrib&d’,to. the;, 

4 . . 
EC 

very slow rate of dissociation of the’ aceiylcholinesterase-:: 
Huperzine A complex in solution. 45 Also; ~the. inleractidn ‘df- 

t? 
Huperzine A with acetylcholinesteras6 appears. reversible: 

. and does not result in any detectable chemical modification:, 

2 ol the inhibitor. Reversibility is important because tl$~en-; 
c zyme (AChE) will not be turned on permanently’:(as:, i@,,The j / ., ,,. 

, 
. . 

case’ with nerve gases), Because HupA (the inhibitor) is not 
altered when it inactivates the enzyme, it can be released 
and act again. Huperzine A produces a long-term inhibition 
of acetylcholinesterase activity in the brain (up to 360 min- 
utes) and increases acetylcholine levels up to 40 percent at 
60 minutes.‘3 

Physostigmine, another AChE inhibitor, produces a rapid 
effect (15 minute.peak of 55 percent inhibition), but this ef- 
fect is-over within 120 minutes. After attaining peak plasma 
(blood). concentration in humans at approximately 30-60 . . . . . . - minutes, physostigmine is cleared from plasma with a hall+--. - 

” The anticilolinesterase action 
synapses is strw:tian that -I 

---- _-.. as tetrahydroaminoacridine).” The 
--i--- terminal half--life of Huperzine A IS 4.BX%i%-While the 

po!ency of Huperzine A-is comparable to that of physostig- ’ 
mine and tacrine (a classical acetylcholinesterase inhibitor), 
its duration of action is lo- to 12-fold longer i,r uiuo (up to i 

t 

I 

8 hours), and the incidence of side effects induced by Huper- 
zine A is considerably less lhan that of physostigmine c 
tacrine. Tacrine has been approved by the FDA for the clini- 

Local treatment of patients with Alzheimer’s dementia,27 but 
the lherapeutic usefulness of tacrine is limited by its.Iiver 
toxicity. Huperzine A more significantly improved learning 
and memory in mice* with higher efficacy than tacrine. IN 
Phase II clinical trials, Huperzine A improved memory in 
Alzheimer’s disease patienls with minimal side effects.” The 
Phase II clinical study with Huperzine A also showed that 99 l 
percent of patients with myasthenia gtavis were controlled 
and/or improved following administration of Huperzine 
A.LS Furthermore, its long half-life, high oral bioavailability, 
unique blood-brain barrier penetration ability and safe theta- 
peutic indices support the fact that Huperzine A is a poten- 
tial candidate for treatment of memory deficits in patients 
with Alzheimer’s disease. Huperzine A also has potential 
for treating other nervous system-related dementias as well 
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HPLC Techniques for Quantilation of Hupeniue A 

Qian et nf.18 has demonstrated a high performance liquid 
chromatography technique (HPLC) for the quanlitalion of 
f-luperzine A. HPLC is a technique that uses a tube-like col- 
umn filled with very small bead particles to separate- the 
componenls of a liquid mixture of a substance, in this case 
the HupA extract. Depending on the molecular size of Ihe 
component, it will either pass through the column or be 
happed on the beads, By varying the size of the beads and 
the type of liquid flowing through the column, individual 
components in complex mixtures can be identified. The 
HPLC was equipped with an 6 absorbance detector and a 
Spherisorb Cl8 (150 mm x 5 mm I.D.; 5 pm particle size). 
Tile mobile phase was methanol: water (4555, vol/vol) at a 
floiv rate of 1 ml/mk at 30°C column oven. The column 
effluent was monitored at 313 nm. 
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